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INVESTIGATION OF THE LATERAIL, STABILITY CHARACTERISTICS
OF THE DOUGLAS X~3 CONFIGURATION AT MACH NUMBERS
FROM 0.6 TO 1.1 BY MEANS OF A
ROCKET-PROPELLED MODEL

‘By Jesse L. Mitchell and Robert F. Peck
- SUMMARY

A rocket-propelled model of the Douglas X-3 airplane has been flown
to investigate the lateral stability characteristics of this configura-
tion at approximately zero angle of attack and to evaluate briefly the
test and analysis technique.

Time histories of the lateral motion following pulse-type disturb-
ances indicate that the model was, in general, dynamically stable through-
out the Mach number range from 0.6 to 1.1. However, in the region where
the oscillations were allowed to persist without further disturbance,
an undamped oscillation of 1° sideslip remained after an initially
damped oscillation. Rather abrupt changes in lateral trim and in the
characteristics of the Dutch-roll oscillation occurred in the Mach num-
ber region 0.9 to 1.07.

A vector analysis of the Dutch-roll oscillation was used and found
to give useful approximations for some of the lateral stability deriva-
tives. This analysis indicates that the effective dihedral -C-LB and

damping in roll Clp increase while the static directional stability CnB

and the damping in yaw Cnr - Cné decrease appreciably as the Mach num-

ber is increased from 0.95 to 1.07. The variation of lateral force with
sideslip CYB remains about constant throughout the Mach number region

of the test.
Comparisons between the rocket-propelled-model test data and results
from other rocket-propelled-model and wind-tunnel data were made when

possible. The results of the present test are, in general, in good agree-
ment with the other results.

CARR
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INTRODUCTION

Rocket~propelled models have been used extensively by the Langley
Pilotless Aircraft Research Division to investigate the longitudinal
stability and 1lift characteristics of airplane configurations such as
the Douglas X-3 (ref. 1). As a by-product of these investigations, a
limited amount of information on lateral stability has also been obtained
(ref. 2). Recently a model was flown specifically to investigate the
lateral stability characteristics of the X-3 airplane and to make some
evaluation of the test technique. The data obtained from the test are
presented in this report.

. The test technique was similar to that used to investigate longi-
tudinal stability characteristics, in that it involved measurements of
the transient motion. In the present test a transient motion in the
lateral mode was induced by the periodic firing of small pulse rockets
mounted in the nose of the model.

The characteristics of the Dutch-roll mode of lateral motion were
obtained in the Mach nugber range from 0.6 to 1.1 at Reynolds numbers
from L x 106 to 10 x 10°. An analysis of the data by use of the concept
of rotating vectors for the various components of the motion (refs. 3
to 6) gave values for some of the lateral stability derivatives.

SYMBOLS

A1l forces and moments unless otherwise noted are referred to a
body axis system which is defined in figure 1.

Cx longitudinal-force coefficient, X/qS

Cy lateral-force coefficient, Y/qs

Cy, normal-force coefficient, Z/qs

Cy rolling-moment coefficient, L/qSb

Cn yawing-moment coefficient, N/gsSb

Cy, 1lift coefficient, -Cy cos a + Cy sin «

at/g lateral load factor as indicated by accelerometer at center of

gravity; aerodynamic lateral force is (at/g)W

Q)R
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a angle of attack, radians and deg

B gngle of sideslip, radians and deg

6 angle of pitch, radians and deg

¥ angle of yaw, radians and deg

P angle of roll, radians and deg

é rate of change of angle of sideslip with time, radians/sec

i,r yawing angular velocity, radians/sec

P,P rolling angular velocity, radians/sec

W rate of change of yawing angular veloeity with time,
radians/sec/sec

$ rate of change of rolling angular velocity with time,
radians/sec/sec

P period of lateral oscillation, sec

w frequency of lateral oscillation, radians/sec

ot

= <

time lag between p and -B in lateral oscillation, sec

phase angle between p and B in lateral oscillation,

T - 2% %, radians

phase angle between Cy and P in lateral oscillation, radians

time for lateral oscillation to damp to one-half amplitude, sec

damping factor, :Q;QQE’ 1/sec”
Ty /2

mean aérodynamic chord

velocity, ft/sec

Mach number
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R Reynolds number
q dynamic pressure, lb/ft2
p/po ratio of atmospheric static pressure p to standard sea level

pressure po where pg = 2116 1b/ft2

W weight of model, 1b
m mass of model, slugs
€ inclination of principal axis, positive as shown in fig. 1
Iy moment of inertia about X-axis, slug-ft2
I, monment of inertia about Z-axis, slug-ft2
TIyz, product of inertia, % (I - Ix)ten 2¢, slug-rt2
S wing area, £t2
b winé span, ft
1 vertical tail length, distance from center of gravity to center
of pressure of vertical tail, ft
A aspect ratio
A taper ratio, %%EEEEEE%E
The amplitude ratio of the indicated quantities in the lateral
oscillation is indicated in the following manner: %} B % B %-. The
lateral stability derivatives are indicated, for example, by CYB = g%x;
oCy
CYé = _BE
2V



S T

NACA RM L54L.20 GONREREN 5

MODEL AND TESTS

Model

The Douglas X-3 configuration tested was the same with the exception
of the tail boom as that used in the longitudinal tests of reference 1.
The boom was built up along the forward portion with fiberglass 80 as o
correspond more closely to the boom of the final airplane configuration.
A sketch of the 0.16-scale model is shown in figure 2.

The model was of metal construction with the exception of the pre-
viously mentioned portion of the boom. The body was made of magnesium
castings and duralumin sheet, and the wing and tail surfaces were solid
duralumin. The wing and vertical tail were k.5 percent thick and the
horizontal tail was 5.0 percent thick. The deflection of the horizontal
tail was ~-1.0 degree. All surfaces had a modified hexagonal airfoll
section. v

The inlets were connected to constant-diameter ducts designed for
choked flow at the exits with a mass-flow ratio of about 0.8.

The weight of the model was 154 pounds; and the center of gravity
was 1.0 percent ahead of the leading edge of the mean aerodynamic chord
of the wing. The moments of inertia about X- and Z-axes (£ig. 2) were
1.18 and 18.2 slug-ft2, respectively. The principal axis was inclined 4.89,
nose down, (see fig. 2), which gave a product of inertia of 1.4k slug~ft2.

Test

The model was boosted to a maximum Mach number of about 1.2 by means
of an ABL Deacon rocket motor (fig. 3), from which it separated at
rocket burnout. Six pulse rockets mounted in the nose of the model, each
rocket with a total impulse of 6 pound-seconds and a burning time of
0.08 second, were fired periodically during the coasting part of the
flight. Time histories of the resulting motion of the model were obtained
from an NACA telemetering and instrumentation system. The following con-
tinuous telemeter information obtained were normal, longitudinal, and
transverse acceleration near the center of gravity, transverse accelera-
tion at a point in the nose, angle of sideslip, angle of attack, rate of
roll, and free-stream total pressure. The flight path of the model was
obtained from an NACA modified SCR 584 tracking radar, and a radiosonde
was used to check the free-stream conditions at the model during the
flight. In addition, the CW Doppler velocimeter furnished a check on
the velocity. .

Variations in the static pressure ratio and Reynolds number with
Mach number are shown in figure L.

e
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ANALYSIS

Vector Method

A vector-snalysis procedure similar to those discussed in refer-
ences 3 to 6 and to some unpublished work done at the Langley Laboratory
during the summer of 1952 by E. E. Larrabee was used to obtain the lateral

stability derivatives: Czs, Clp: CnB’ and Cp, - Cné'

The information available for this analysis at any time during the
flight of the model was geometry, mass, moments of inertia, product of
inertia, velocity, dynamic pressure, Mach number, aerodynamic lateral-
force coefficient, angle of sideslip, angle of attack, rate of roll, and
angular acceleration in yaw.

From the above information, the essential features of the oscillatory
or Dutch-roll part of the lateral response to the pulse disturbances were
obtained as a function of Mach number. These characteristics of the
oscillation were the period, damping factor, time lag between sideslip
and lateral force, time lag between sideslip and roll rate and the ratios
of the envelopes of the oscillations of side force, roll rate, and angular
acceleration in yaw to sideslip angle.

These measured characteristics of the lateral response were then

assumed to be governed by the following equations of motion taken about
the body axis system shown in figure 1, since all flight instrumentation

was alined with these axes:

lateral force:

m . : . - ; — L e i
mv, + ¥ - ap) = CyaB + Cye Bb + C rb + C + W @ cos O + ¥ sin ©
qs(B ) s Y3 oy Tr oy Yp ov qS( )

rolling moment:

I Iy .- A
aSb aSb B B 2v r oy P oV

yawing moment:

Iz » Ixz . Bb rb b
“L_y-2Lp =0 + Cnp + Cp. 22 4+ Cp, 22
0 VT Y ngP + Cng oy + bnr oy ¥ Pmp oy
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i
On the basis of preliminary calculations and by consideration of ;

the data available for analysis, it was found that these equations could |
be somewhat simplified for the present test: {

lateral force:

mV(B + ¥ 5) = at W _ c
aS o g 5 ¥

rolling moment:

Ix Pb b
25 - 22 C1.B + Cp. 28 4 ¢ ¥R
asb V= CrgP Bl oy T Pl iy
vawing moment:
Eg_ v - E§§.$ = Cp.B + Cp @P.+ (Cn - cn-)ib
asb aSb B D 2V r Blav
!
The lateral-force equation neglects the lateral force due to {

gravity. It includes all the aerodynamic forces since they were measured
by the transverse accelerometer. The rolling-moment equation assumes
Clé = 0. The combination derivative Cp, - Cné as now included in the

i
i

yawing-moment equation tacitly assumes B = -y for this equation only. |
The equations in this simplified form are believed to be satisfactory
for the present test conditions. Other test conditions will require an
examination of the more general equations to determine whether similar
q}gg}iggﬁigps are applicable.

The measured oscillatory motions resulting from the yaw disturbance
wvere then assumed to be given by:

B = Bpelbcos ut
Cy = X Boeatcos(wt + QCY)
P = @.B eatcos(at + Q¢D
Bl
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The derivatives and integrals of these guantities are known as well,
such as, o

B = \/ a® + a)zﬁoe@ cos ((.l)'t + tan~1 g)

With the above agsumptiOns and B as unit amplitude, the quan-
tities B, Cy, @, B, and § may be represented as vectors rotating

with frequency , and with amplitudes and phases as shown in the following
table:

BlCy | & B &

%I \/a2 + of \/a2 + 032,%,

Amplitude|l Igl’

. -1 0/~ -1
Q¢ tan = Q¢ + tan -

N

Phase 01 Q¢

e

The vector solution of the equations of motion is illustrated in
figure 5. The lateral-force equation is solved first for the yawing-
velocity vector. This equation also gives the yawing acceleration
vector. A check on the amplitude ratio of the yawing acceleration

obtained from this solution is furnished by the yawing acceleration meas-
ured from the two transverse accelerometers.

After the yawing velocity and acceleration vectors are obtained from
the lateral force-equation, either the rolling-moment or yawing-moment
equation may be solved. For the moment equations, the inertia wvectors
are known; thus, three vectors remain which are known only in direction
and are proportional to the derivatives Clr’ Clp’ and CZB for the

rolling moment and to the derivatives Cnﬁ’ Cnp, and Cnr - Cné for

the yawing moment. The general procedure at this point is to estimate
the amplitude of the smallest vector so that the other two may be obtained
by closing the vector polygon. For the present tests the Clr and CnP

vectors were estimated, and the values of Clp: Czﬁ, CnB, and Cpp - Cné

were obtained by closing the polygons.
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It can be seen from the vector diagram that the solutions for the
various derivatives are linear functions of the assumed derivatives.
Thus, in practice it 1s easy to obtain the value of CZpJ for example,

for any number of assumptions for Clr'

Quasi~Static Method

In addition to the vector analysis for derivatives, the lateral-
force, yawing-moment, and rolling-moment coefficients were obtained as
functions of sideslip angle as follows:

- at ¥
Cy(B) = 2 o5
C(B)=IL:¥'_IXZ$_(CH_C i’__c @b
n aSb qSb r nﬁ) "p oy

Ix . _ Ixz - ¥b Bb
C X 5 -XZy_¢ -c, &
1(B) b ? “asp ¥ T oy T~ Cp oy

The side force due to sideslip angle CY(B) was taken equal to the

total measured side force since the measured side force was essen-
tially 180° out of phase with the sideslip angle. This is tantamount

to the assumption -C Q— + C i— C Bb _ 0. The yawing and rolling
Ip Tr oy ¥ VYR oy

moments due to sidesllp angle, Cn(B) and Cz(B), respectively, were

assumed to be given by the total measured moments corrected for the
moments due to yawing and rolling velocities. The yawlng angular acceler-
ation W was obtained from two accelerometers and the rolling angular
acceleration ¢ was obtained from differentiation of the roll rate.

The values of the derivatives Cpp and C;,, were estimated and

Cn,

r - Cné, Clp’ and @ were obtained from the vector solution.

A body-axis system was used for the sake of convenience and all
flight jinstrumentation was alined with the system. The derivative
obtained may be converted to a stability-axis system, but, in thils partic-
ular case, differences would be small since a 1s always near zero.
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ACCURACY AND CORRECTIONS

Accuracy

The estimated probable errors in the basic measurements are indi-
cated in table I. The derivatives CYB’ an’ CzB, Clp: and Cp,. = Cné

are functions of some or all of the quantities.
The incremental error in ng’ for instance, due to the error in IX

was taken as

where the partial derivative of Czs with respect to Ix was obtalned

from an analytical solution of the vector diagram. The probable error
in Clﬁ' due to all the probasble errors in table I was taken as in ref-

erence T to be

2

2
(AC7'B>probable - [<ACIB>IX:1 + (ACY,B)IZ + ..

Table II gives the results of this error analysis. The increments
due to errors in each of the basic measured quantities are given to
illustrate the relative importance of accuracy of each measurement.

The given probable error \/zl(increments)2 shows accuracies of 3
to 10 percent for CYB’ 6 to 13 percent for CnB and CZB’ 12 to 17 per-

cent for CZP’ and 14 to 26 percent for Cpy. - Cné'

As mentioned in the analysis, 1t was necessary to make estimates
of Czr and Cnp in order to complete the rolling and yawing-moment

diagrams. The effects on each of the derivatives of changing Ci,
and Cnp by 0.1 are also shown in table II. Changing Cj,. and Cnp
by 0.1 had small effect on CnB and CZB but had very noticeable effects

on le and Cp,. - Cné (same order as probable accuracies).
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The accuracies presented were calculated for the vector analysis
but are also representative of the absolute accuracy of derivatives
obtained by other methods. It is believed that the data presented in
this report provide a good indication of how the lateral stability deriv-

. atives for this configuration vary with Mach number and sideslip angles.

Comparisons between methods and tests made throughout the report indicate
that the absolute accuracy of these derivatives is at least as good as
or better than that indicated by information in table IT.

Corrections

The angles of attack and sideslip as measured ahead of the nose of
the model were corrected for flight-path-curvature effects to the center
of gravity by the method given in reference 8.

None of the accelerometers could be mounted exactly at the center

of gravity, but model motions (angular accelerations and velocities) were
measured sufficiently well to enable corrections where necessary.

The model response frequency was always less than 4 percent of any
instrument natural frequency, and no frequency-response corrections were
necessary with the exception of phase-angle data from the roll rate gyro.
Frequency-response corrections to the phase angle between ® and B,
were from 1° to 2°.

RESULTS AND DISCUSSION

Time Histories

The essential characteristics of the lateral motions following the
pulse-rocket disturbances are shown in the time histories of Mach number,
angle of attack, angle of sideslip, and rate of roll, in figure 6. In
general, the appearance of the oscillations in sideslip angle and roll
rate is that of a damped sinusoid. However, the oscillation beginning
at about 9.2 seconds is damped only until the amplitude of the angle of
sideslip reaches about 1°. At this point the oscillation persists at
an essentially constant amplitude. Previous to this time the spacing
of the pulse disturbances was so close that it is not known whether such
damping characteristics were present. An examination of the telemeter
record after 17 seconds shows a similar effect.

Some of the pulse rockets caused an appreciable rolling-moment

disturbance as can be seen by an examination of the roll rate response
at 6 and 7 seconds. However, the disturbance was still so small when
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compared with the oscillatory response that no reliable quantitative
measurements were obtained of the roll-subsidence mode of the lateral
response.

The regions of the time history where cross plots and vector diagram
were used to analyze the data are indicated on the time history. The
change in Mach number and in angle of attack in these regions is, in
general, believed to be small enough so as to have a minor effect on the
lateral motions. In particular, the effects of inertia coupling (see
ref. 9) due to combined longitudinal and lateral motion have been checked.
This check indicated that the inertia coupling effects were small.

Lateral Trim Characteristics

The trim characteristics as a function of Mach number are presented
in figure 7. A lateral trim change is indicated in the Mach number region
between 0.9 and 1.05. This occurs along with the characteristic longi-
tudinal trim change also presented in figure 7. The variations of side-
slip angle B and lateral-force coefficient Cy with Mach number are

consistent although the absolute magnitudes appear to be inconsistent
since the model was supposedly symmetrical. These and subsequent data
are all presented as measured, however, and no arbitrary corrections
have been applied to satisfy considerations of symmetry.

General Characteristics of the Lateral Oscillation

The characteristics of the Dutch-rolllng oscillation are presented
in figure 8. Generally the most notable variations with Mach number are
in the region of the lateral trim change where M has values from 0.9

to 1.05.

Lateral Stability Derivatives

Quasi-static analysis.- The variation of lateral-force coefficient,
yawing-moment coefficient, and rolling-moment coefficient with angle of
sideslip and Mach number are shown in figure 9. These coefficients
were obtained as functions of B as indicated in the analysis.

The straight lines through the data points for Cy, Cp, and Cy

are drawn with the slope used in or obtained from the vector diagrams.
Wind~tunnel data from reference 10 for a Mach number of 0.9 are also
shown. The wind-tunnel data indicate a marked reduction in slope at
small angles of sideslip, but the slope at moderate angles is about the
same as that of the present test. The linear variation from the vector
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solution is in general a good representation of the rocket-propelled-
model data; however, a close examination indicates some small nonlinear
tendency similar to that of the wind-tunnel results. The fact that the
rocket-propelled-model data indicate a more nearly linear variation of
force and moment coefficients with angle of sideslip at a Mach number

of 0.9 than do the data of reference 10 is most likely due to a Reynolds
number effect on the sharp nose airfoil section. The Reynolds numbers of
the wind-tunnel and rocket-propelled-model tests were 2.3 X lO6 and

7. 4 X 106, respectively.

Vector analysis.-~ Although the validity of a linearized solution
may be questioned in certain regions of the time history where the oscil~
lations are not well defined damped cosine curves, it 1s believed that
the results obtained from such an analysis furnish useful approximations.
The essential validity is indicated, for instance, by the rather good

agreement between the values of the amplitude ratio % as obtained

from the vector solution as compared with the amplitude ratio obtained
from the measured time history of  (fig. 8(c)). Also, the fact that
the yawing-moment and rolling-moment coefflcients of figure 9 agree
reasonably well with the linear variation given by the vector solutions
indicates at least the essential validity of the solution as far as the
determination of the static derivatives CnB and ClB are concerned.

As was discussed in the analysis, it was necessary to assume values
of Ci,, and Cnp' The estimated value for Cy, was about 0.2 and

for Cnp the value was about 0.1 throughout the Mach number range of

the test. 1In order to indicate the sensitivity of the wvarious derivatives
to these assumptions, the increment changes in the derivatives for a
change of 0.1 in C3,, and Cnp are given in table II.

It can be seen that the static derivatives CnB and CZB are
relatively insensitive to the assumed values of Cnp and Cyz,. The

damping derivatives Clp and Cp,, - Cné are relatively more sensitive

to the assumptions. A change in the estimated value of Czr from 0.2

to 0.1 makes a maximum change of about 0.04 in CZP. A change of from 0.1
to 0.2 in the estimated value of Cnp makes a maximum change of about 0.4
in the value of Cpy - Cné-



1L CONTIDEE— NACA RM L54L20

The fact that the static derivatives CZB and CnB are relatively

insensitive to the assumed values of the cross derivatives Czr and Cnp

indicates that the vector technique applied to data on the Dutch-roll
oscillation alone may be sufficient to determine usable values of these
derivatives. The relative sensitivity of the damping derivatives CZP

and Cn, - Cné to the assumptions perhaps indicates the need for further

refinements and additions to the test technigue. For instance, if the
damping-in-roll subsidence could also be determined, then the character-
istic equation of lateral motion along with the relations of the roots
of the equation to its coefficlents could be used as an additional aid
to the determination of the derivatives, especially the damping-in-roll

derivative Clp'

Tt is of interest to note also that condiltions favorable to the
determination of these damping derivatives from the Dutch-roll oscilla-
tion might be obtained by Jjudicious choice of test conditions (moments
of inertia, dynamic pressure, etc.) so that the assumed quantities would
have a much smaller effect on the result.

The results of the vector analysis for the static derivatives CZB
and CnB are shown in figure 10 along with CYB as determined from the

cross plot of figure 9(a).

Shown for comparison are wind-tunnel data at Mach numbers of 0.9
and 1.4 from reference 10. The tunnel values at a Mach number of 0.9
are the average of the slopes at £3° sideslip (see fig. 8), whereas the
values at a Mach number of 1.4 are those at zero angle of sideslip.
Also shown in figure 10 is Cng as it was obtained from the analysis

with a single degree of freedom. This analysis, which neglects the
product-of-inertia term, is seen to give consistently low values for the
present test although the trend with Mach number is the same as that
indicated by the more complete vector solution.

The results of the vector analysis for the damping derivatives CZP

and Cp, - Cng are given in figure 11.

Theoretical estimates of CZP from references 11 and 12 are shown

in figure 11 along with experimental data for a wing with an aspect ratio
of 3 from the wind-tunnel test of reference 13 and for a wing with an
aspect ratio of 4 from the rocket-propelled-model test of reference 4.
The data from the present test are in fair to good agreement with both
theory and the other experimental data.



NACA RM L5W1.20 Gﬂiiiill.iﬁL 15

The contribution of the vertical tall to Cnr - Cné was'estimated

and is shown in figure 11. This estimate was made by using the data at
a Mach number of 1.4 (ref. 9) to obtain the ratio of CYB of the vertical

tail to CYB of the domplete configuration. In general, the damping

derivative is more negative than this estimate, and 1t appears that
appreciable contributions to Cnr - CnB come from the boom, fuselage,

wing, and possibly interference effects such as sidewash. The low values
of Cnr - Cné shown by flagged symbols were obtained from the relatively

low amplitude, undamped portion (between 11.2 and 13.4 seconds) of the
oscillation which began at 9.3 seconds (see fig. 6). In the vector
analysis it was assumed that all variables other than Cp, - Cné were

the same as for the higher amplitude portion of this oscillation. This
assumption results in the indication that the lack of damping during
this part of the flight resulted from a low value of Cp, - Cné: that 1s,

a nonlinear effect of B amplitude on Cnr - Cné' This may not be the
case, however. TFor instance, if Cnp at these conditions were -0.1

instead of the assumed value of 0.1, the values of Cnr - Cné would be

on approximately the same level as the other points.

The lateral-force derivative CYB is the only derivative which

shows no marked variation with Mach number. The variations of the other
derivatives with Mach number are in general most noticeable in the region
from 0.95 to 1.07. In this region the effective dihedral —CZB increases

about 50 percent; the damping in roll Clp increases about 40 percent;
and the damping in yaw Cnr - Cné decreases by 20 to 30 percent. As

can be seen in figure 7T, these changes were reflected in the general
characteristics of the Dutch~roll motion. It should also be pointed out
that the angle-of-attack changes in the Mach number region from 0.95

to 1.07. Therefore, a small part of the apparent effect of Mach number
indicated may be due to the change in angle of attack.

CONCLUDING REMARKS

The results from the flight of a rocket-propelled model of the
Douglas X-3 airplane in which measurements of the transient lateral oscil-
lation were made indicate the following conclusions:
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The lateral characteristics of the model were such that it was, in
general, dynamically stable throughout the Mach number range from 0.6
to 1.1. However, in the Mach number regions where the oscillation was
allowed to persist long enough (only data below a Mach number of
about 0.75), an essentially undamped oscillation of 1° sideslip persisted
after an initially damped oscillation. The Mach number region from 0.90
to 1.1 was characterized by a lateral trim change as well as other abrupt
changes in the characteristics of the Dutch-roll oscillation.

A vectorial concept of the various components of the Dutch-roll
lateral motion furnished a useful basis for the analysis of the data.
The results obtained from the vector analysis indicate that with increase
in Mach number in the Mach number region from 0.95 to 1.07, the effective
dihedral -Clﬁ and the damping in roll Clp increased while the static

directional stability CnB and damping in yaw Cnr - Cné decreased. At

a Mach number of 0.9 the rocket-propelled-model data at a Reynolds num-
ber of T.4 x 106 and the wind-tunnel data at a Reynolds number

of 2.29 X 106 gshowed the same values of CYB, CZB, and CnB at moderate

angles of sideslip. The rocket-propelled-model data at the higher Reymolds
numbers did not indicate the same reductions in CYB’ CZB’ and CnB at

the small angles of sideslip as was shown by the wind-tunnel data.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., December 9, 195h.
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TABLE I

ESTIMATED ACCURACY OF BASIC QUANTITIES

Bll increments may be positive or negativgl

i ]
Estimated | i lg|  ||at/e] |
accuracy W, | Iz Iz, ' Ixz, M, | @ w, = ’ Q¢) @, | By
at a Mach |percent percent|percent percent |percent |percent |percent | |B 11 B deg deg l/ sec|
number of - . i (1) | percent |{percent
| |
1.07 0.7 2.0 4.0 |10.6 1.0 2.3 2.5 3.0 2,0 |3 | % 0.1
\ | 1
.89 7 2.0 4.0 | 10.6 1.7 3.5 2.5 3.0 2.0 |3 é .1
.62 7 | 20 | vo |106 | 58 | 9.7 | 5.0 | 30 | 20 |3|2] 2
2

lPrima.rily due to estimated accuracy of principal axis inclination (-2- )
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TABLE IX

CALCULATED ACCURACY OF DERIVATIVES FROM VECTOR ANALYSIS

Ell increments mey be positive or negative:l

Accuracy of

Accurscy of

Accuracy of

Accuracy of

Accuracy of

Caleulated increment OYB for Mach CnB for Mach ClB for Mach CZP for Mech Cny - Cné for
due to probable numbers of - numbers of - numbers of - numbers of - Mach numbers of -
error in -

1.07 .89 .62 [1.07 .89 62 |1.07 .89 .62 1.07 .8 .62 1.07 .89 .62

W 0.006| 0.006} 0.005|0.001210.001%} 0.002%| © 0 0 0.001%| 0.002%| 0.005%| 0.068} 0.062| 0.152
1, 0.00% [0.005 | 0.003 |=wm=n- PR P ) [ —— Y rm—— 0.01 | 0.02 | 0.01
e ———— - 0.0035|0.0019| 0.0018| 0.019 | 0.014 | 0.01k
Iyy, 0.001 | © 0 {0.0015/0.0019| 0.0015{ 0.007 | 0.008 | 0.018 | 0.24 | 0.11 | 0.13

M and q 0.021| 0.032| 0.081[0.005 {0.010 | 0.020 |0.0023|0.0023| 0.0056| 0.007 | 0.008 | 0.018 | 0.03 | 0.0k | 0.08
© | ccmmen Jmmman fmm—— 0.011 l0.012 | 0.019 }0.0029|0.0021{ 0.0035{ 0.011 | 0.008 | 0.016 0 o |o.0n
Ql .................. 0.002 }0.001 | 0.001 [0.0026(0.001%| 0.0013 0 0.001 | 0.001 | 0.09 | 0.03 | 0.03
B
at/e

: 0.018( 0.018| o.017] © 0 0 0 0 0 0 0 0 0.01 | 0.01 | 0.01

g 0.003 {0.001 | 0.001 |0.0040[0.001k | 0.001%| 0.046 | 0.039 | 0.038 | 0.08 | 0.09 | 0.11
a 0 0 0 0.0004!0.0001 | 0.0001| 0.005 | 0.003 | 0.003 | 0.2k | 0.10 | 0.13
a 0 0 0 0.0002|0.0001{ 0.0002{ 0.005 | 0.008 | 0.013 | 0.11 | 0.14 | 0.2k
Probable errors, |

5 0.028| 0.037} 0.08%!0.013 [0.016 | 0.028 {0.0071|0.0046 | 0.0073| 0.052 | 0.04% | 0.049 | 0.38 | 0.2k | 0.37
Z(increments_)

Probable errors, percent| 3.1 4.0 [10.0 |[5.8 5.7 13.1 T.h4 7.3 13.2 12.3 b 17.0 23.9 |13.9 |26.4
Ciﬁﬁ:ﬁiievalues °f  |-0.907 |-0.916 |-0.834 [0.236 [0.277 | 0.214 |0.0956|0.0633 | 0.0553 |-0.4k2 |-0.305 |-0.288 [-1.59 |-1.73, [-1.40
Increment due to 0.1 | i
change in estimated  jaeuooo 0.010 [0.003 |0.004 {0.0022[0.001k4 | 0.0013 | 0.023 | 0.042 | 0.035 | 0.43 | 0.24 { 0.29
value of Cy, or cnp ! : i

: i |

hue to assumption that the weight vector is equel to zero.
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Z

Figure 1.~ Sketch depicting the body axes system. Each view represents
a plane of the axes system as viewed along the positive direction of
the third axis. Angular displacements as shown are positive.
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Tail used in tests of
reference 10
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iAir-flow—dnrem"on indicator
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=

3.5
8.6~
Reference axes X,Y,and Z 8.0J ~ 144 —
=—203 — 38
Pulse rockets i
10.6
-0.01 MAG | .
==—%  Wing
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— T 7 Principal axisa e MAC. 15.05 in.
7 952 3 Vertical tail
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Figure 2.- Sketch of model of Douglas X-3 configuration. All dimensions

are in inches.
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Figure 3.- Photo of model and booster ready to be launched.
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Figure L.- Variation of static-pressure ratio and Reynolds number with
Mech number.
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Aasume weight vector = bj

Solve for Hé and the direction of ¥

2o

and for % and the direction of W,

p direction

. cy
Side -force equatlon: {;ﬂsl l'gl |}Z| - ES- a |%' - I'p—, =0
Cc
N
T __________________ Assume value for Cip-
- g~ Solve for Ci, and G
Cip 3y 2v I Y ‘ tp te-
¥
- Ci. 2y 2v I
- & [
asb |p
g Ixz [y b ¥ > |2
Rolling-moment equation: qu | - 3sb ¥l Cin 2v|gl - Clp 2v |Bl - C’LB =0
. ey b [g| Assume value for Cnp
- Ia |2 p 2V [P
Solve for (Cp - Cp,) 8&nd Cp .
T B B
__________ \.lf‘
2 [ on, = on) 3 |
asb g

\y Ixz b b J
Yawing-moment equation: qu| Ty - Cnp v % -(Cnr - an) Zvipl - Cnﬁ =0

Figure 5.- Typical vector solution of the simplified equations of motion.
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Figure T.- Trim characteristics of model.
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Figure 8.~ General characteristics of lateral oscillation.
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(a) Lateral force.

Figure 9.~ Variation of lateral force, yawing moment, and rolling moment
with angle of sideslip and Mach number.
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Figure 1l.- Damping derivatives CZP and Cnr - Cné as obtained from

vector analysis.
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